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Abstract 
The deep mine excavation usually induce dynamic disasters of rock mass. Huize Lead & Zinc mine is a 1000 m 
deep mine in China. In this deep hard-rock mine, the basic characteristics are high in-situ stress, abundant water and 
fractured surrounding rocks. In light of the complicated geologic conditions of this mine, a digital 24-channel 
microseismic monitoring system was established to monitor the microseismic events in the deep 8# orebody of this 
mine. During the monitoring period, the microseismic parameters such as magnitude, the number of microseismic 
events and the magnitude-frequency relation (b value) were recorded. After analyzing the monitoring data acquired 
in 4 months, the changes of b value and fractal dimension were determined with time and stopes collapse. Results 
show that rock failure is closely related with b value. The stress concentration of the local rock mass induces crack 
compaction, initiation, and extension with the disturbance of mine excavation, but b value shows an increase and is 
relatively quiet. Once the dynamic disasters are caused by rock failure, b value shows an abrupt decrease. Based on 
the site examination, the probability of rock failure increases with the decrease of b value; on the contrary, the 
probability of rock failure decreases. The fractal dimensions also show this property. This conclusion provided a 
good reference for forecasting of rock mass stability monitoring in site excavation. 
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1. Introduction 
The dynamic disaster of mine refers to the rock burst, mine earthquake, and rock falling, etc, which is caused by 
rock stress field during mine exploiting process. The stress concentration leads to the rock failure and instability 
because of the initiation, development, transfixion, and rupture of micro-rupture, and then the microseismic event 
takes place with the development of fracture process [1]. In monitoring and predicting the dynamic disaster of mine, 
microseismic monitoring and acoustic emission monitoring are the basic means. These methods are widely used in 
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the excavation of deep metal mine worldwide [2]. In China, Fankou lead-zinc mine introduced a mine microseismic 
monitoring system from Canada in 2004[3-4]; Working together with Australia’s Commonwealth Scientific and 
Industrial Research Organization, Shandong university of science and technology designed a mine microseismic 
position monitoring system to monitor the rock rupture and disaster in real time in coal mine [5]. In 2005, 
Dongguashan copper mine built an ISS microseismic monitoring system which was introduced from ISS 
International Ltd. of South Africa to continually monitor the microseismic activity in the first mining area of the 
deep-well mine [6]. In Aug 2007, a digital 24-channel microseismic monitoring system of ISS was introduced to 
Huize Lead-Zinc mine. The safe monitoring of several dynamic disasters, such as rock burst, ore earthquake, water 
inrush, was realized under the condition of high in-situ stress, abundant water and fracture surrounding rock in this 
deep hard-rock mine [7] 
Using microseismic monitoring system, the randomly variable parameter in one-group microseismic events can 
be obtained at a certain monitoring area in a period of time, and the magnitude-frequency relation can be determined 
to analyze the characteristics of b value. By microseismic monitoring the status of micro-rupture distribution, the 
potential rule of dynamic disaster in mine can be concluded and for which we can make a warning in advance. 
Therefore, to identify the relation of b value with rock mass failure and instability can help us to know the 
characteristic of precursory microseismic parameters produced by rock failure and provide a basis for mine safety 
production. 
2. Construction of microseismic monitoring system 
The 8# orebody has the basic characteristics of high in-situ stress, abundant water and fractured surrounding rock. 
Now, the mining depth is 1 280 m. The stope is in high stress status. Table 1 is the in-situ stress tested in the mine. 
Table 1. In situ rock stress distribution in different levels 
Position /level 1391 m 1261m 
Direction S70°E 
Vertical 
compressive stress N20°E S70°E 
Vertical 
compressive stress N20°E 
Compress stress (MPa) 22.1 21.5 18 26.4 25 22.3 
 
 
Fig. l. Microseismic monitoring system in Huize Lead-Zinc Mine 
 
According to the 8# orebody occurrence characteristics, stoping plan, mining scheme, current project layout, the 
positioning precision of microseismic event, and the future expansion of the system channel, the digital 24-channel 
microseismic monitoring system was built including four sets of quake seismometer (QS). This system consists of 
 2009) 592–597 593W. Chun-lai et al. / Procedia Earth and Planetary Science 1 (
 ground monitoring station, underground data exchange centre and signal acquisition sensor. Each set of QS owns 6 
channels to collect and pre-amplify microseismic signal by sensor. The signal is transmitted to the underground data 
exchange centre (equix) by the cable, and then to the ground monitoring room by the optical fibre transponder. 
Using the JMTS and JDi softwares, microseismic events were treated with 3D stereo visualization analysis. The 
ground monitoring room located in the office building of company, and the underground data exchange centre is in 
the horsehead signal chamber which is in the underground 1 331m level of No.2 shaft. The layout scheme of QS is 
as follows: one set of QS in 1 451 level with 6 channels, two sets of QS in 1 391 level with 12 channels, one set of 
QS in 1 331 level with 6 channels [7]. 
3. Characteristic of microseismic parameter b value 
3.1.  The magnitude-frequency relation ----b value 
Many experiments show that the microseismic event induced by mining excavation follows the Gutenberg-
Richter rule with the natural earthquake. By analyzing the microseismicity activity, the magnitude-frequency 
relation is suitable for all magnitude range [8]. In a time interval [a, b], the frequency and the magnitude follow the 
exponential relationship at a certain microseismic monitoring area, such as Eq. (1):  
0( ) bMn M N e−=                                                                                              (1) 
Generally, the logarithmic function form was used as follow: 
lg ( )n M a bM= −
                                                                                          (2) 
where a and b are the unkown constants for a certain monitoring area; Constant a is the overall level of 
microseismic activity in this area and is regarded as microseismic activity parameter, which is correlated with the 
total number of microseismic events above the threshold magnitude; Constant b describes the magnitude distribution 
of microseismic events, i.e., the relative number of small microseismic and large microseismic events in a certain 
time. Generally, b value is close to 1[9].  
 
 
Fig. 2. Relationship between number of events and magnitude  
 
3.2. Changes of b value caused by rockmass excavation 
b value means the proportional relationship of big and small earthquake events. The physical definition is that the 
change of b values in one monitoring area means the state of the rock medium disruption. The precondition is the b 
values in this area has the uniform and unified monitoring capacity in a period and the same earthquake magnitude 
above the lower limit magnitude could be monitored in the whole area. The change of b values is correlated with the 
whole process of earthquake activity [10]. 
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 In the 8# orebody, the geology condition is very complicated, with well developed faults and fragile rockmass. 
Therefore, the dynamical geological disaster is easily induced during the process of stoping. Because the stoping at 
the 1 451m level has finished, the 1 331m and 1 391m levels are on upward stoping. The 1 331m-1 451m in the 8# 
orebody is the important area for stoping. The records of the serious collapse caused in stope from August to 
December, 2007, are listed in Table 1. Through the micro-seismic monitoring system, the parameters of 
microseismic events are obtained such as monitoring time, magnitude, a value, b value and the maximum magnitude 
etc. The weekly b values were recorded from August, 2007 to December, 2007 and listed in Figure 2. 
Table 2. Record of stopes collpase 
No. Time Position Amounts of stope collapse (t) Coordinate (x, y, z) 
1 Aug 9, 2007  5# stope, 3# panel, 1511m level in 8# orebody 200  （9610, 4126, 1574.5） 
2 Sep 6, 2007  3# stope, 3# panel, 1499m level in 8# orebody  400  （9600, 6150, 1499） 
3 Sep 12, 2007  9# stope, 2# panel, 1487m level in 8# orebody  100  （9650, 6160, 1496） 
4 Oct 10, 2007  drift , 2# panel, 1565m level in 8# orebody  150  （7715, 4110, 1574.5） 
5 Oct 17, 2007  drift, 3# panel, 1451m level in 8# orebody  150  （9590, 6130, 1499） 
6 Nov 20, 2007  3# panel, 15 slicing, 1499m level in 8# orebody  100  （9610, 6130, 1499） 
Note: Coordinate x omits the first three numbers; y omits the first two numbers.  
 
 
Fig. 3. Relationship between stope collapse and change of b value with the time 
 
From Table 2 and Figure 3, the characteristics of b values were discovered in the micro-seismic incident of stope 
collapse. 
• When the b values increase linearly, the stope is relatively stable without any dynamic disaster occurred. From 
Aug 2, 2007 to Aug 9, Aug 16, 2007 to Sep 19, and Nov 8, 2007 to Nov 22, the stope collapse did not take place. 
The results indicate that the b values increase with the crack pressure consolidation or expansion of rockmass and 
the low magnitude events are more in number than high magnitude events. In other words, the increase of b values 
doesn’t cause the dynamic instability of rockmass. 
• When the b values decrease sharply, the dynamic disaster occurs in the stope. From Aug 9 to Sep 12, 2007, Oct 
10 to Oct 18, 2007, the stopes were collapsed. Once the crack propagated and coalescence, the dynamic instability 
and failure would occur and the high magnitude events occurred more than low magnitude events. The b values 
decreased. 
• When the b values are in quiet period, the rockmass are relative quiet. From Sep 27 to Oct 7, 2007, Nov 29 to 
Dec 6, 2007, the rockmass are not failure. This means that the cracks extension is in stable. 
• Before the rockmass failure occurs, b value decreases. After that, b value increases and is in quiet period. 
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 • The smaller b value is, the more serious the rockmass dynamic instability is, and vise versa. Table 2 show that 
the amount of stope collapse is 400t in Sep 6, 2007, and the b value is relatively low 0.699 (±0.09). 
In conclusion, when the rockmass failures, the b value decreases, and then it increases or is in relatively quiet 
period. The smaller b value is, the higher the probability of the high magnitude incident is, and vise versa. The 
probability of rockmass failure increases with the b value reducing and vise versa. Li et al. [11] proved the quiet 
period of the acoustic emission existed before rock failure in the experiment of unaxial compression, pointed out 
that the incident of acoustic emission decreased or was in quiet before the stope roof fall, rib spalling and rock burst 
on site monitoring. 
3.3.  Fractal characteristic of b value caused by rockmass excavation 
The relative expression between the N number of object and linear dimension r is as follows [12]:  
D
CN
r
=                                                                                            (5) 
In any microseismic occurrence area, the number of microseismic events larger than M magnitude satisfied Eq. 
(2). Usually, the equation between seismic moment M0 and magnitude is: 
0lg M cM d= +                                                                                 (6) 
where, c and d are constants. In theory, c=3/2, the seismic moment can be written as 
3
0 1M C r=
                                                                                     (7) 
where, 1 2r A= is linear dimension, A is the rupture area of fault. Combing with Eq.(2), (5)and (6), we can get a 
equation as 
2lg 2 lgN b r C= − +
                                                                               (8) 
where, 
2 1lg1.5 1.5
bd bC a C= + −
                                                                             (9) 
Eq. (7) can also be written as below [13]:  
2
2
bN C r−=
                                                                                  (10) 
The comparison of Eq. (9) and Eq. (5) is: 
2D b=
                                                                                     (11) 
In Eq. (11), the capacity dimension is two times more than b value of microseismicity parameter; its variation 
tendency is the same as the b value. Before the rockmass failures, the capacity dimension decreases. When the D 
value is in quiet or increase, the rockmass failure does not occur. The smaller D value is, the higher the magnitude 
is. Dong [14] and Liang et al. [15] observed the relationship between correlation fractal dimension and stress level and 
fractal characteristic of acoustic emission parameter with a certain scale range. 
4. Conclusion 
The monitoring results indicate that the crack initiation and propagation is caused by the local stress 
concentration of rockmass with the mining disturbance by the excavation. When dynamic disaster in the stope does 
not occur, the b value increases; when the rockmass is in a quiet stata, the b value is also quiet; when the dynamic 
disaster in the stope occurs, the b value decrease sharply. When the probability of high magnitude microseismic 
events increases, the b value is smaller. Contrarily, the b value is higher. Likewise, the capacity dimension owns the 
same characteristic with b value. These characteristics can explain the dynamic disaster such as rock burst, stope 
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 roof fall, spalling. They provide an important role and practical value for forecasting the rockmass instability, 
forecast accuracy and the improvement of safe work environment. 
 
 
Fig. 4. Relationship between stope collapse and change of D value with the time 
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